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INTRODUCTION 
Progress in the study of host plant resistance to the European corn 
borer, Ostrinia nubilalis (Hiibner), is entirely dependent upon artificial 
infestation techniques for field infestation of test plants. For many 
years moths for Ist-brood egg production were obtained by filling large 
outdoor cages with infested cornstalks the fall previous to the spring when 
the work was to be done (Guthrie et , 1965) • During the past 6 years 
moths originating from larvae reared on a meridic diet have been used to 
produce egg masses (Guthrie et 1965; Guthrie, Russell and Jennings, 
1972; Lewis and Lynch, 1969, 1970; and Lewis, Lynch and Guthrie, 1971). 
European corn borer larvae reared on a meridic diet for at least 34 
generations had low survival on a susceptible inbred line of dent com, 
WF9; progeny from a wild population had very high survival (Huggans and 
Guthrie, 1970), 
The purpose of this study was: 
Ic To determine the number of generations corn borer larvae can 
be reared on a meridic diet without loss in virulence on a 
susceptible line of dent com (WF9). 
2, To measure larval survival on WF9 infested with 2, 4, 6, 8, 
10, 12, 14, 16, 18 or 20 egg masses per plant from a culture 
reared for 87 generations (M87) on a meridic diet. 
3, To determine the genetic basis of loss in virulence. 
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REVIEW OF LITERATURE 
The European corn borer, Ostrinia nubilalis (Hlibner), was first re­
corded by Vinal (1917) on sweet com, in the vicinity of Boston, Massa­
chusetts. It appeared in Iowa in 1942, Since its appearance in the United 
States extensive studies have been conducted on the biology, ecology, chem­
ical control, host plant resistance, and sex pheromones of this pest. The 
literature reviewed for this thesis will be limited primarily to investiga­
tions on rearing the European corn borer and other insects on a meridic 
diet. 
Techniques for rearing the European com borer on meridic diets have 
been reported by Beck (1953), Beck, Lilly and Stauffer (1949), Beck, 
Chippendale and Swinton (1968), Becton, George and Brindley (1962), Bottger 
(1942), Guthrie £t (1965), Guthrie et (1972), Lewis and Lynch (1969, 
1970), Lewis et al. (1971), Reed, Showers and Huggans (1970), Surany (1957) 
and Wressel (1955). 
When a species of insect is reared in the laboratory generation after 
generation, the laboratory culture may not behave as the original wild 
population due to continuous inbreeding and its acclimation to the diet, 
Raun (1966) reported that corn borers reared on a meridic diet for 14 
generations in the laboratory showed little change, although there was a 
tendency for the pupae to be heavier and pupation to be somewhat slower, 
Huggans and Guthrie (1970) found that larval establishment and sur­
vival on a susceptible inbred line of dent corn (WF9) from borers reared 
continuously on a meridic diet for 34, 45 and 54 generations were at a low 
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level compared with a wild population and with borers reared for 2 genera­
tions on a meridic diet; an intermediate level of larval survival occurred 
on WF9 between crosses of a wild population X a culture reared 54 genera­
tions on a meridic diet. Differences in leaf-feeding ratings and lesion 
counts between borer types were, for the most part, due to poor initial 
larval survival. 
Guthrie and Carter (1972) investigated the effect of continuous rear­
ing of corn borers on a meridic diet through 65 generations (M65). A W 
(wild) ? X M54 d" culture and a M54 ? X W cT culture were backcrossed 1, 2, 
3, 4 and 5 times to wild females and wild males, respectively. Based on 
leaf-feeding damage, progeny from the M65 culture had very low larval sur­
vival while the progeny from the wild parent had high larval survival. 
The W X M54 culture that had inbred for 8 generations and the progeny 
from the W X M65 culture caused intermediate leaf damage. Progeny from 
all 10 backcross populations caused a high amount of leaf damage and 1 
backcross to the wild 2 or wild c? parent was sufficient to increase larval 
survival to the same level as that of the wild parent. These authors, 
therefore, concluded that this trait is genetically controlled. 
From Hungary, Nagy (1970) reported that corn borers reared con­
tinuously for 39 generations on a meridic diet in the laboratory developed 
normally on corn and hemp plants in the field; very little information, 
however, was reported to substantiate this statement. 
Mayo (in press) investigated the damage caused by the fall armyworm, 
Spodoptera frugiperda (Smith) reared on a meridic diet for 15-16-17 genera­
tions as compared to those from a colony reared on a diet for 2-3-4 
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generations. The 6 cultures did not differ significantly in damage to 11 
varieties of sorghum from India, when infested during the seedling stage 
in the greenhouse. 
The laboratory adaptation and change in behavior has been reported 
for many insects reared on a meridic diet. Spates and Highwater (1967) 
tested the sexual aggressiveness of males from two strains of screw-worm 
flies, Cochliomyia hominivorax (Coquerel), that were reared in the labora­
tory for 5 and 15 generations did not harass females as vigorously as 
males from strains reared for 41 and >100 generations; intermediate rank 
in this respect was obtained by two other strains reared in the laboratory 
for 26 and 69 generations. 
Alley and Highwater (1966) investigated the effect of difference in 
strains and size on the mating frequency of male screw-worm flies with a 
recently colonized (Mexican) and a laboratory adapted (Florida) strain of 
flies. Difference in mating frequency among male flies that were at­
tributable to strain disappeared after colonization for 15 generations in 
Mexican flies. However, difference in mating frequency between large and 
small Florida males persisted, regardless of the strain of female flies 
(when the females were as large as flies in natural populations). 
Spates and Highwater (1970) compared screw-worm flies from a wild 
Mexican population with a laboratory adapted strain (F^^); at maturity lar­
vae of wild type flies were heavier than the larvae of the laboratory 
adapted population. Wild type flies, considered representative of a native 
population, were larger and also produced more eggs per egg mass. Wild 
type males, however, mated less frequently than laboratory adapted males. 
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Baumhover (1965) selected for Increased sexual aggressiveness in male 
screw-worm flies as measured by female mortality; harassment by male screw-
worm flies accelerated female mortality. 
All the authors believed that the difference in male screw-worm 
mating activity is an indication of laboratory adaptation rather than 
physiological differences in the wild population from which strains were 
derived. 
Gahan (1966) observed that mosquitoes, Anopheles quadrimaculatus Say, 
from a colony reared in the laboratory for many years were active when 
light intensity equal to that at dusk was programmed. They were seen 
mating, but swarming was not preliminary to copulation. When the gen­
eration from field collected adults was exposed in the same light in­
tensity, they either spent their time trying to escape or set quietly. 
When disturbed they made no attempt to mate and flew away; care must be 
exercised in using the results obtained with laboratory reared mosquitoes 
to predict results that will be obtained with natural populations. 
Dame £t (1964) demonstrated that sterilized males of colonized 
strains of A. quadrimaculatus were sexually vigorous and compatible with 
females in nature. However, the colony males were unable to induce ste­
rility in a natural population because of behavioral deficiencies brought 
on ostensibly by the colonized borers. The first generation male progeny 
of females from the natural population successfully induced sterility in 
the natural population. 
Investigations of Stabler (1959) are also evidence of such changes in 
biological characteristics of A. quadrimaculatus colonized for 7 years 
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under constant laboratory conditions. He found greater and more uniform 
sexual activity, disappearance of midwinter sexual diapause, and increased 
survival rate during the period 1953-56 than in 1949-52. Low male sur­
vival had been a factor in causing low rate of insemination during 1949-52. 
In the first 3 years of these experiments there was a significant abeyance 
in sexual activity during midwinter months, even in those groups cohabit­
ing in constant Illumination. Since such diapause disappeared in subse­
quent years, it was assumed that it had been an inherent character in the 
epigamic behavior of this strain but was eliminated by selection within 
the colony. Probably a concomitant increase in male survival within the 
experimental groups was a major factor in the progressive increase of in­
semination and disappearance of sexual diapause. No such changes were 
noticed in the proportion of female survival. 
In Hawaii, Mitchell, Tanaka and Steiner (1965) found that wild Dacus 
dorsalis Hendel when reproduced in the laboratory required progressively 
shorter periods for each successive generation to reach sexual maturity, 
r<y tlte iûth generation there was no perceptible difference in length of 
preovlpositlonal period, fecundity and longevity. The early delay appeared 
to be caused, in part, by greater excitability of the wild flies, which 
affected their response to the dry diet, 
Steiner and Mitchell (1966) reported that there is no evidence that 
the reproductive qualities of tephritld species under mass culture can be 
adversely affected by continuous propagation. 
Fye and LaBrecque (1966) compared the insemination rate of three lab­
oratory strains of the housefly, Musca domestica L, by mating the males of 
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three strains with females of one strain. One strain was reared for more 
than 20 years under laboratory conditions and the other two for 5 and 13 
generations. The authors also Investigated the success of two laboratory 
strains of male houseflles, normal and treated with chemosterllants. In 
competition for females with males from a wild strain. The females of all 
strains mated more readily with the males of their own strain, whether or 
not males were sterilized. Chemosterllized males competed more success­
fully than normal males of the same strain vAien they were mated with fe­
males of that strain. Even though insects from laboratory colonies may 
mate readily with insects of a field strain under experimental conditions, 
selectivity may reduce the acceptability of laboratory colonies when they 
compete with Insects of other strains. The behavior in the field of in­
sects from colonies that have been maintained in laboratories for many 
generations might still further reduce their success in competing for mates. 
The success of any effort to sterilize a natural population by the release 
of sterilized insects will thus depend on the selection of a sexually ac­
ceptable strain for release and a rearing method for the colony that will 
not Impair its acceptability or field behavior. 
Pickens, Miller and Bailey (1972) investigated the dose mortality re­
lationship for two L (laboratory) and W (wild) strains of the housefly for 
cross resistance to Rabon®. The L strain consisted of dlazinon resistant, 
laboratory reared flies in the 186th generation and the W strain consisted 
of indigenous flies, collected at a cow manure dump, and not exposed to any 
additional pressure after being colonized: The W strain larvae which had 
been pressured with dlazinon in the field, as both larvae and adults, had 
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higher resistance to both diazinon and Rabon® than did larvae of the L 
strain. However, the L strain was more resistant to diazinon than was the 
W strain and was equally as resistant to Rabonr. 
When the com seed maggot, Phorbia platura Neigen, was bred under 
laboratory conditions for 23 generations, the longevity and fecundity were 
similar to those of insects collected under natural conditions but fer­
tility was lowered (Audemard and Guennelon, 1968), 
McMillan (1969) studied the hatchability in two inbred lines of the 
fruit fly, Drosophila melanogaster Meigen viz., Oregan R (str. A) and 
Moregan R (str. D) that had been maintained for more than 200 generations 
by brother-sister mating, Hatchability was inhibited by 78 percent in 
strain A and 53 percent in strain D. Hatchability of F^'s (A X D and 
D X A) was similar to that of the AXA parent, suggesting control by a 
single dominant major gene. 
De Souza, da Cunha and dos Santos (1970) reported that a laboratory 
population of four strains of D. wlllistoni Sturtevant viz. 1, 2, 3 and 4 
were reared for about 134, 134, 92 and 90 generations respectively, in 
population cages. All of these cultures developed an adaptive behavioral 
polymorphism. When the populations were first established the larvae 
pupated on the food. After a certain number of generations many larvae 
pupated outside the food cups. The preference for pupation on the food 
or outside the food cup was conditioned by a single major gene, outside 
being dominant over inside. The preference for pupation outside the food 
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cup was rapidly eliminated in populations kept in 250 cm bottles. 
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Evens and Niemegeers(1954) reported that in colonization of tsetse 
flies, Glossina spp, the vitality of laboratory bred flies was generally 
less than in wild flies; WAITR (1957) and Nash et al. (1958) found that in 
many colonies the vitality of the flies was sustained only by frequent ad­
dition of flies from the field. 
Jordan, Nash and Trewern (1970) discussed the performance of crosses 
between wild tsetse flies and flies reared continuously for 2 years in the 
laboratory. The two parental crosses (laboratory $ X laboratory d" and 
wild ? X wild d') were compared with the progeny (L $ X W d* and W ? X 
L d"). No evidence of abnormal performance was noticed because of in­
breeding or adaptation; these authors suggested periodic introduction of 
wild males into the laboratory colonies to avoid risk of inbreeding, 
Guennelon et al. (1970) reared Lobesia botrana Den, et Schiff. in the 
laboratory for 30 successive generations. Biological tests on the first 
20 generations showed that rearing the insects on a meridic diet resulted 
in lower adult mating rate and percentage of egg hatch compared with in­
sects reared on natural food or insects capturcd in nature. 
Dadd and Krieger (1967) continuously reared the green peach aphid, 
Myzus persicae (Sulzer), for 30 generations and the bean aphid, Aphis fabae 
Scopoli, for 25 generations on a meridic diet. They reported that the diet 
supplied qualitatively all necessary nutrients. Decline in weight after 10 
generations and the subsequent lower but stable weight and the slightly in­
creased generation period for aphids, as compared with food from a good 
host plant, were probably due to an imperfect balance of nutrients in the 
diet. The higher weight of 1st generation aphids was interpreted as being 
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due to a partial compensation of postulated dietary imbalance of reserve 
nutrients carried over from the plant reared founding mothers, the stability 
generation after generation thereafter, probably reflects the particular 
rate of growth possible with the imbalance characteristics of the particular 
synthetic diet, 
Akey and Beck (1971) reared the pea aphid, Acyrthosiphon pisum 
(Harris), on a holidic diet that sustained 18 generations of pea aphids; 
diet-reared aphids had lower weight and reproduction than wild aphids. 
Mitsuhashi and Koyama (1971) reared plant hoppers, Laodelphax 
straiatellus (Fallen), for 8 generations on a holidic diet without any ap­
parent loss in size. Survival of nymphs was improved after the 3rd and 
subsequent generations. 
Cuthbert, Creighton and Cuthbert (1968) reported no decrease in adult 
size, longevity and fecundity and substantial increase in the number and 
vitality of eggs of the banded cucumber beetle, Diabrotica balteata 
LeConte, through 17 generations; the larvae were reared on sprouting corn 
and the adults on a semi-synthetic diet. 
Sutter, Krysan and Guss (1971) reported that the southern corn root-
worm, Diabrotica undecimpunctata howardi Barber, reared on a semi-synthetic 
diet for 5 generations did not show any apparent change in morphology, egg 
production or viability. 
Vail, Henneberry and Pengalden (1967) reported that the salt marsh 
caterpillar, Estigmene acrea (Drury), when reared on a meridic diet for 12 
generations, the percentage of pupation and fertility and the number of 
eggs laid were the most variable; little difference was noted in the sex 
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ratio, pupal weights, percentage emergence or number of adult deformities. 
Mating behavior appeared to be complex and was variable between given 
pairs of moths. 
Hensley and Mammond (1968) reared the sugarcane borer, Diatraea 
saccharalis (F.), on an artificial diet. No attempt was made to select 
for characteristics that might advance laboratory rearing. Each year ap­
proximately 500 pupae from field collected larvae were mixed with the 
original colony to guard against the possibility of the accumulation of 
deleterious factors in the population. During a 3 year period, several 
generations were continuously reared on the diet without any marked dif­
ference in vigor and size of insects compared to those found on sugarcane 
and corn. 
Wingo (1970) reported laboratory adaptation of an indigenous braconid 
parasite, Aphaereta pallipes Say. A laboratory colony of the parasite 
capable of utilizing face fly, Musca autumnalis DeGeer, as a host was 
developed by subjecting the abnormal host to oviposition through 27 genera­
tions. Genetic variability was low in the parent stock, and the colony 
declined both in rate of parasitism on the face fly and in ability to 
break out of the hard puparia of the host, 
Poe and Enns (1970) investigated the effects of inbreeding on pre-
daceous mites, Neoseiulus fallacis (Garman) and Phytoseiulus persimilis 
Athias-Henriot, predators of Tetranychus urticae Koch. Mites from a 1 year 
inbred culture had high mortality, lower vitality, reduced oviposition 
and poor egg hatch. Further inbreeding resulted in the production of only 
sterile females. 
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MATERIALS AND METHODS 
Experiment 1: Comparison of Corn Borer Cultures 
Larval survival on an inbred line of com (WF9, susceptible to leaf 
feeding) was determined for 16 corn borer cultures in 1970 and 1971 (Table 
1). 
The cultures were reared on a meridic diet for 3, 7, 11, 46 and 76 
generations in 1970 and for 3, 7, 8, 14 (A and B), 17, 18, 20, 22, 56 and 
87 generations in 1971. Previous research showed that larvae from cultures 
reared for 1 to 7 generations on a meridic diet survive on WF9 as well as 
larvae from a wild population (W. D. Guthrie, unpublished). Therefore, a 
culture reared on a meridic diet for 3 generations (M3) was used as a 
check. All cultures originated from field collected diapausing larvae and 
were held at a temperature of 40° F until they were started on a meridic 
diet (Table 1). All cultures were reared (until the last generation) on 
a plug of diet in 3-dram vials (one larva per vial). The last generation 
of each culture was reared in plastic dishes (10 inches in diam. and 3% 
inches deep) containing 930 g of diet; a corrugated cardboard strip (1 inch 
wide) previously dipped in hot wax was attached to the inner wall of the 
dish for pupation. Each dish was infested with 40 egg masses (ca. 1000 
eggs) and were incubated in constant light at 80° F and 80 percent relative 
humidity. After 21 days the corrugated strips containing pupae were re­
moved from the dishes and were hung in oviposition cages (3-4 strips per 
cage) for moth emergence and egg laying. 
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Table 1. History of the corn borer cultures 
Year tested in 
the field Cultures Source of origin 
Started on 
meridic diet 
1970 M3^ Corn stalks; near Johnston, 
Iowa in the Fall 1969 March, 1970 
1971 M3 Corn stalks; near Johnston, 
Iowa in the Fall 1970 March, 1971 
1970 M7 Com stalks; Ankeny Farm in 
the Fall 1968 September, 1969 
1971 M7 Corn stalks; near Johnston, 
Iowa in the Fall 1969 September, 1970 
1971 M8 Corn stalks; near Johnston, 
Iowa in the Fall 1969 September, 1970 
1970 Mil Corn stalks; Ankeny Farm in 
the Fall 1968 June, 1969 
1971 M14(A&B) Com stalks; near Johnston, 
Iowa in the Fall 1969 March, 1970 
1971 M17 Same origin as M7 (1970) September, 1969 
1971 M18 Same origin as M7 (1970) September, 1969 
1971 M20 Same origin as Mil (1970) June, 1969 
1971 M22 Same origin as Mil (1970) June, 1969 
1970 M46 Corn stalks; near Humboldt, 
Iowa in the Fall 1965 April, 1966 
1971 M56 Same origin as M46 (1970) April, 1966 
1970 M76 Cora stalks; Ankeny Farm in 
the Fall 1962 June, 1963 
1971 M87 Same origin as M76 (1970) June, 1963 
^Prefix M stands for a meridic diet and a numeral suffix for the num­
ber of generations the cultures were reared on a nieridic diet. 
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Larval rearing techniques as described by Lewis and Lynch (1969) and 
Guthrie et al. (1965, 1972) were used in this experiment. Ingredients 
used in the meridic diet are given in Table 2, 
A randomized complete block design was used both years; 20 replica­
tions (9 plants for each replication) were used in 1970, 64 replications 
(9 plants for each replication) were used in 1971. Planned comparisons 
and regression methods were used to analyze the data (Snedecor and Cochran, 
1967). 
Experiment 2: M87 Culture 
A randomized complete block design with 11 treatments and 10 replica­
tions (9 plants for each replication) were used in this experiment, 
European com borer larvae reared for many generations on a meridic diet 
survive at a low level on corn susceptible to a first-brood infestation as 
measured by leaf-feeding damage; very little leaf-feeding damage results 
from an Infestation with 4 egg masses (ca. 100 eggs) per plant (Huggans 
and Guthrie, 1970). 
This experiment was designed to measure larval survival on WF9 in­
fested with 2, 4, 6, 8, 10, 12, 14, 16, 18 or 20 egg masses per plant 
from a culture reared for 87 generations (M87) on a meridic diet. A 
culture reared for 3 generations (MS) on a meridic diet (4 egg masses per 
plant) was used as a check. Each day infestations were made with 2 egg 
masses per plant until all plots had received the designated number of egg 
masses. Larval rearing techniques were the same as in Experiment 1. 
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Table 2. Ingredients used in the European corn borer meridic diet in 
1970 and 1971* 
Water 13,000 ml 
Agar 280 g 
Dextrose 400 g 
Casein 440 g 
Cholesterol 32 g 
Salt mixture #2 144 g 
Vitamin supplement 92 g 
Ascorbic acid 120 g 
Wheat germ 520 g 
Fumidil B 6.9 g (500 ppm) 
Aureomycin 9 teaspoon 
Methy1-p-hydroxybenzoate^ 75 ml 
Propionic acid^ 86 ml 
Formaldehyde (40% formalin) 7 ml 
Sorbic acid^ 160 ml 
Sorbic acid was used as a mold inhibitor in 1970; methyl-p-
hydroxybenzoateJ propionic acid and formaldehyde were used as mold in­
hibitors in 1971. 
^Dissolve 56 g methyl-p-hydroxybenzoate in 200 ml of 95% ethyl alcohol. 
°Mix 418 ml of propionic acid with 82 ml of distilled water; mix 42 ml 
of phosphoric acid with 458 ml of distilled water; mix the mixture of 
propionic acid and water with the mixture of phosphoric acid and water. 
'Slix 90 g of sorbic acid with 400 ml 95% ethyl alcohol; heat this 
mixture before using it. 
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The data were analyzed by regression methods (Snedecor and Cochran, 
1967). 
Experiment 3: Genetic Studies 
Corn borer larvae reared on a meridic diet for many generations lose 
their ability to survive on a susceptible inbred line of dent corn, and 
this trait as reported by Guthrie and Carter (1972) is genetically con­
trolled. The objective of this experiment was to determine the type of 
gene action involved in loss of virulence. 
The parental stocks for this study were: (1) a culture reared on a 
meridic diet for 3 generations (M3), Previous research showed that larvae 
from cultures reared for 1 to 7 generations on a meridic diet survive on 
WF9 as well as larvae from a wild population (W. D. Guthrie, unpublished). 
Therefore, a M3 culture was used as one parent instead of a wild culture, 
(2) A culture reared on a meridic diet for 76 generations (M76) was used 
as the other parent. Previous research showed that larvae reared for at 
least 34 generations on a meridic diet survive at a low level on wF9 
(Huggans and Guthrie, 1970). 
The following crosses were made in 1970: 
M3 ? X M3 d* 
M76 $ X M76 d* 
M3 9 X M76 cf 
M76 ? X M3 d" 
(M3 $ X M76 (/)M3 ? 
(M3 Î X M76 d')M3 cf 
17 
(M3 ? X M76 cr)K76 S 
(M3 $ X M76 d")M76 d* 
The corn borer larvae were reared in the laboratory by techniques 
described by Guthrie et (1965) and Lewis and Lynch (1969). The M3 
culture was reared for the first 2 generations on a plug of diet in 3-dram 
vials (one larva per vial). The M76 culture was reared for the first 75 
generations on a plug of diet in 3-dram vials (one larva per vial). Both 
parental cultures (in the last generation) and the cultures for making 
backcrosses were reared in plastic dishes (10 inches in diam., 3% inches 
deep) containing 930 g of diet. Larval rearing techniques were the same 
as in Experiment 1 except after 21 days the corrugated strips containing 
pupae were removed from the dishes and uncoiled to recover pupae, which 
were transferred individually into jelly cups, A small piece of wet blot­
ting paper was placed in each jelly cup to provide sufficient humidity. 
When the moths emerged, and backcross populations were made by trans­
ferring males from one culture and females from another culture to ovi-
position cages. The parental cultures (M3 $ X M3 cT and M76 $ X M76 cf) were 
made by hanging a corrugated strip containing pupae in oviposition cages. 
Techniques 
Field preparation, experimental design, egg production and infesta­
tion techniques were the same for the three experiments- The field was 
fertilized with 125 lb of N, 100 lb of P and 100 lb of K per acre. 
Âtrazine was used for weed control. An inbred line of dent corn susceptible 
to leaf feeding by the European corn borer (WF9) was planted in May of each 
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year. 
Egg production techniques as described by Guthrie et (1965) were 
used. The sides and bottom of the oviposition cages were made of wooden 
frames covered with 18-mesh bronze wire. The top of each cage was made 
of 4-mesh hardware cloth. Two sheets of bleached glassine waxed paper, 
6 inches X 24 inches, were placed on top of the hardware cloth. The fe­
male moths deposited their eggs on the waxed paper between the openings 
in the hardware cloth. The waxed paper sheets were removed and replaced 
with new paper each morning. Disks of waxed paper (% inch in diam.) con­
taining 1 egg mans were punched out with a specially designed machine and 
pinned onto 8 inch X 10 inch celotex boards (200 disks per board). The 
boards containing egg masses were wrapped in moist paper and placed in 
cardboard boxes lined with plastic bags. The egg masses were incubated 
at a temperature of 80° F and 80 percent relative humidity. Egg masses 
near hatching (blackhead stage) were used for field infestations. 
Each plot consisted of five 3-plant hills (40 inches between rows and 
40 inches between hills within a row). One guard row was planted between 
each plot to prevent migration of borer cultures between plots. A ran­
domized complete block design was used in all experiments. Nine plants 
in the midwhorl stage of development in each plot were infested with 4 
egg masses (ca. 100 eggs) per plant in 2 applications of 2 egg masses 
each made 2 days apart (Experiment 1 and 3). All plots were rated (in 
classes 1 to 9) for leaf-feeding damage on an individual plant basis 3 
weeks after egg hatch. Classes 1-2 had little leaf damage, classes 3-4 
had a small amount of leaf damage, classes 5-6 had intermediate damage 
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and classes 7-9 had a high amount of damage. The leaf-feeding rating 
scale as described by Guthrie, Dicke and Neiswander (1960) is as follows: 
Class 1. No visible leaf injury or a small amount of pin or fine 
shot-hole type of injury on a few leaves. 
Class 2, Small amount of shot-hole type lesions on a few leaves. 
Class 3, Shot-hole injury common on several leaves. 
Class 4. Several leaves with shot-hole and elongated lesions. 
Class 5. Several leaves with elongated lesions. 
Class 6. Several leaves with elongated lesions (ca. 1 inch). 
Class 7. Long lesions common on about one-half of the leaves. 
Class 8. Long lesions common on about two-thirds of the leaves. 
Class 9, Most of the leaves with long lesions. 
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RESULTS 
Experiment 1: Comparison of Corn Borer Cultures 
Corn borer larvae reared for several generations on a meridic diet 
lose their ability to infest inbred lines of dent corn. This experiment 
vas designed to determine the number of generations corn borers can be 
reared on a meridic diet without loss in virulence. The experiment was 
conducted in 1970 and 1971. The data for both years were analyzed 
separately. The treatment sum of squares was partitioned into single de­
grees of freedom contrasts to compare different corn borer cultures. The 
treatment sum of squares was further partitioned into linear, quadratic 
and lack of fit components by means of regression analysis (for 1970 and 
1971 separately and combined for both years). After calculating each 
component their significance was determined by the F test. Corn borer 
cultures (larvae reared for different generations on a meridic diet) were 
used as the independent variable while the leaf-feeding damage served as 
the dependent variable. The following model was used for the estimation 
of leaf-feeding damage, 
^ = bo + b^X + b^^X^ 
In the above model y stands for the estimated leaf-feeding damage due 
to borers, bo = intercept of the regression line v^.en x = o, b^ = re­
gression coefficient estimating the change in Y with per unit change in X, 
b^^ = regression coefficient estimating change in ^  for each unit of X^, 
and X = any generation of com borers. 
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1970 Season 
During the summer of 1970, five different cultures (M3, M7, Mil, M46 
and M76) were tested in the field for their relative performance on a 
susceptible inbred, WF9. Leaf-feeding damage was rated on a 1-9 scale 
(1 = least to 9 = highest level of leaf-feeding damage) and the fre­
quency of infested plants for each class was calculated (Table 3). The 
M3, M7 and Mil cultures had a high level of larval survival as measured 
by leaf-feeding damage; the majority of plants from these three cultures 
rated 5-6 or 7-9. The M46 and M76 cultures had a very low level of lar­
val survival; the majority of plants from these two cultures rated 1-2 
or 3-4 (Table 4). 
Statistical analysis of the data (Table 5) show highly significant 
differences in virulence between the M3 culture and M46 and M76 cultures. 
The M46 culture also differed significantly from the M76 culture. There 
was no difference in virulence between the MS and M7 cultures. Although 
the analysis of variance show a significant difference between the M3 
and Mil culture, the difference was only 0.47 rating class. 
The relationship between leaf-feeding damage and number of genera­
tions corn borer larvae were reared on a meridic diet as determined by 
regression analysis (Table 6) show that both linear and quadratic com­
ponents were significant, indicating a curved fit of the line. Statis­
tical insignificance of the lack of fit couçonent elicits that there is 
no effect other than linear and quadratic. Although both linear and 
quadratic components were significant, the major contribution to the line 
Table 3. Rating class expressed as percentage of the total number of plants and the mean 
for 5 cultures of the European corn borer, Ankeny, Iowa, 1970 
Ho. of Rating Classes %% 
Cultures plants 123456789 rating 
M3 173 0.00 1.73 6.94 6.94 6.94 13.29 31.79 0.58 31.79 6.77 
M7 167 0.00 1.20 4.78 5.99 8.38 13.77 34.73 1.20 29.94 6.87 
Mil 175 1.14 1.71 4.57 12.57 13.14 14.86 30.86 0.57 20.57 6.30 
M46 172 12.21 22.67 26.16 18.61 12.21 4.65 2.91 0.58 0.00 3.27 
M76 173 28.90 32,37 24.28 10.40 4.05 0.00 0.00 0.00 0.00 2.28 
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Table 4. Rating classes expressed as percentage of the total number of 
plants for 5 cultures of the European corn borer, Ankeny, Iowa, 
1970» 
Cultures 
Rating Classes 
1-2 3-4 5-6 7-9 
M3 1.73 13.87 20.23 64.16 
M7 1.20 10.78 22.16 65.86 
Mil 2.86 17.14 28.00 52.00 
M46 34.88 44.77 16.86 3.49 
M76 61.27 34.68 4.05 0.00 
Classes 1-2 had very little leaf damage, classes 3-4 had a small 
amount of leaf damage, classes 5-6 had an intermediate degree of leaf 
damage and classes 7-9 had a high amount of leaf damage. 
Table 5. Analysis of variance of leaf-feeding damage (data reported in 
Table 3) for 5 cultures of the European corn borer, Ankeny, 
Iowa, 1970 
Source of 
variation 
Degrees of 
freedom 
Mean 
square F-value* 
Replications 19 0.45 
Treatment 4 93,33 131,45** 
M3 vs. M7 1 0.45 0.63 ns 
M3 vs. M46 and M76 1 212.75 299.65** 
M7 vs. Mil 1 3.35 4.72** 
M46 vs. M76 1 9.66 13.61** 
Error 76 0.71 
Total 99 
^ns nonsignificant at 5 percent level; ** significant at 1 percent 
level. 
24 
T« " i.«î 6. Analysis of variance of leaf-feeding damage and regression of 
leaf-feeding damage on 5 cultures of the European corn borer, 
Ankeny, Iowa, 1970 
Source of Degrees of Mean 
variation freedom square F-value^ 
Replications 19 0.45 
Treatment 4 93.33 131.45** 
Linear 1 359.60 506.48** 
Quadratic 1 10.16 14.31** 
Lack of fit 2 1.77 2.49 ns 
Error 76 0.71 
Total 99 
^ns nonsignificant at 5 percent level; ** significant at 1 percent 
level. 
was linear. The following regression equation was used to plot the re­
gression line shown in Figure 1, 
^ = 7.42 - 0.12X + 0.0007%^ 
1971 Season 
The following cultures were evaluated in 1971: M3, M7, M8, M14A, 
M14B, M17, Ml8, M20, M22, M56 and M87. The frequency distribution of 
plants in different classes on a 1-9 rating scale for all cultures of 
corn borers is presented in Tables 7 and 8. The M3, M7, M8, M14A and 
H14B cultures had a high level of larval survival as measured by leaf-
feeding damage ; the majority of plants in these five cultures rated 7-9. 
The M17, M18, M20 and M22 cultures had a high-intermediate level of 
larval survival; the majority of plants in these four cultures rated 5-6 
Figure 1. Regression line relating leaf-feeding damage (on WF9) to com borer cultures reared for 
different generations on a meridic diet, 1970 
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Table 7. Rating classes expressed as percentage of the total number of plants and the mean 
for 11 cultures of the European com borer, Ankeny, Iowa, 1971 
Mean 
No. of Rating Classes leaf 
Cultures plants 123456789 rating 
M3 566 0.00 1.41 1.94 2.65 8.30 12,54 28.80 2.12 42.23 7.34 
M7 552 0.18 1.81 1.99 2.36 9.06 13.59 36.41 1.27 33.33 7.09 
MS 562 0.18 0.71 2.67 5.87 9.61 16.55 33.27 2.49 28.67 6.90 
M14A 560 0.36 1.61 2.14 3.57 10.00 14.46 36.25 1.25 30.36 6.96 
M14B 556 0.18 0.90 3.06 3.23 9.89 17.63 39.21 1.98 23.92 6.85 
M17 562 1.24 5.34 10.68 13.17 19.93 20.64 23.49 1.24 4.27 5.32 
M18 561 1.07 3.21 5.88 13.01 16.22 19.61 29.95 1.60 9.45 5.83 
M20 570 0.88 2.46 5.96 8.24 15.44 21.05 33.51 2.28 10.18 6.04 
M22 565 0.35 3.54 6.55 9.91 21.42 21.42 30.26 0.71 5.84 5.72 
M56 561 16.76 17.11 20.32 19.61 18.18 5.88 2.14 0.00 0.00 3.31 
M87 562 43.42 22.06 17.08 10.14 6.05 0.71 0.53 0.00 0.00 2.17 
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Table 8. Rating classes expressed as percentage of the total number of 
plants for 11 cultures of the European corn borer, Ankeny, 
Iowa, 1971^ 
Rating Classes 
Cultures 1-2 3-4 5-6 7-9 
M3 1.41 4.59 20.85 73.15 
M7 1.99 4.35 22.64 71.01 
M8 0.89 8.54 26.16 64.41 
M14A 1.96 5.71 24.46 67.86 
M14B 1.08 6.29 27.52 65.11 
M17 6.58 23.84 40.57 29.00 
M18 4.28 18.89 35.83 41.00 
M20 3.33 14.21 36.49 45.97 
M22 3.89 16.46 42.83 36.81 
M56 33.87 39.93 24.06 2.14 
M87 65.48 27.22 6.76 0.53 
^Classes 1-2 had very little leaf damage, classes 3-4 had a small 
amount of leaf damage, classes 5-6 had an intermediate degree of leaf 
damage and classes 7-9 had a high amount of leaf damage. 
or 7-9, The M56 and M87 cultures had a very low level of larval survival; 
the majority of the plants in these two cultures rated 1-2 or 3-4. 
The treatment sum of squares was partitioned into single degrees of 
freedom contrasts (Table 9), Five of the eight comparisons between corn 
borer cultures were highly significant. The following comparisons were 
not significant: M7 vs. M8, M14A vs. M14B and M7 and M8 vs. M14A and 
M14B. Even though the analysis of variance shows significant differences 
between the M3 culture vs. the M7, M8, M14A and M14B cultures, the 
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Table 9. Analysis variance of leaf-feeding damage (data reported in Table 
7) for 11 cultures of the European corn borer, Ankeny, Iowa, 
1971 
Source of 
variation 
Degrees of 
freedom 
Mean 
square F-value* 
Replications 63 2.20 
Treatment 10 175.23 302.12** 
M3 vs. M7 and M8 1 4.92 8.48** 
M3 vs. M14A and M14B 1 7.85 13.53** 
M7 and M8 vs. 
M14A and M14B 1 0.51 0.88 ns 
M3 vs. M17, MIS, 
M20 and M22 1 132.72 228.83** 
M3 vs. M56 and M87 1 901.85 1554.91** 
M56 vs. M87 1 41.50 71.55** 
M7 vs. M8 1 1.22 2.10 ns 
M14A vs. M14B 1 0.38 0.66 ns 
Residual 2 330.70 570.17** 
Error 630 0.58 
Total 703 
^ns nonsignificant at 5 percent level; ** significant at 1 percent 
level. 
differences are small and are probably unimportant from a practical point 
of view, i.e., the M7, M8, M14A and M14B cultures could be used for 
evaluating com material in host plant resistance research. Minute dif­
ferences were statistically significant because of greater precision in 
estimating mean treatment response by using 64 replications. 
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The regression analysis shows that the linear and quadratic com­
ponents were highly significant. The major effect, however, was linear 
(Table 10). The regression line in Figure 2 was plotted by the following 
regression equation: 
9 = 7.78 - O.llX + O.OOOSX^ 
The lack of fit component was also highly significant; this was pre­
sumably due to the fact that the M17 culture had a lower level of leaf dam­
age than the M18, M20 and M22 cultures (Table 7). Four of the M17 plots 
(36 plants) had a large number of weeds causing poor plant growth. All 
plants in these plots showed nitrogen deficiency. Plants deficient in 
nitrogen supports low larval survival (Cannon and Ortega, 1966). 
Table 10, Analysis of variance of leaf-feeding damage and regression of 
leaf-feeding damage on 11 cultures of the European corn borer, 
Ankeny, Iowa, 1971 
Source of Degrees of Mean 
variation freedom square F-value* 
Replications 63 2.20 
Treatment 10 175.23 302.12** 
Linear 1 1633,28 2816.00** 
Quadratic 1 37.82 65.21** 
Lack of fit 8 10.15 17.50** 
Error 630 0.58 
Total 703 
significant at 1 percent level. 
Figure 2. Regression line relating leaf-feeding damage (on WF9) to corn borer cultures reared for 
different generations on a meridic diet, 1971 
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Combination of 1970 and 1971 data 
The objective for combining the 1970 and 1971 data was to determine 
if the combined data would provide a better explanation for the decline 
in virulence as the number of generations the larvae were reared on a 
meridic diet increased. 
The analysis of variance (Table 11) shows that a linear and quadratic 
relationship existed between leaf-feeding damage and the number of genera­
tions the com borer cultures were reared on a meridic diet, i.e., the re­
lationship between these two variables can be explained by a curved line 
rather than a straight line (Figure 3), Statistical significance of the 
lack of fit conçonent was due presumably to the M17 culture (Table 7). 
Table 11. Analysis of variance of leaf-feeding damage and regression of 
leaf-feeding damage on 16 cultures of the European corn borer, 
Ankeny, Iowa, 1970 and 1971 
Source of Degrees of Mean 
variation freedom square F-value* 
Repllcstlcns OO 1 on V*. 
Treatments 15 266.77 452.15** 
Linear 1 3651.14 6188.37** 
Quadratic 1 91.14 154.47** 
Cubic 1 0.67 1.14 ns 
Year 1 133.48 226.24** 
Lack of fit 11 11.37 19.27** 
Error 706 0.59 
Total 804 
%s nonsignificant at 5 percent level; ** significant at 1 percent 
level. 
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The regression equations for estimating the leaf-feeding damage is 
presented in Table 12; the regression line is presented in Figure 3. The 
values of the regression coefficients (b values) for the linear component 
were about the same for the 1970, 1971 and combined data. The values of 
the regression coefficients for the quadratic conq>onent vas lower in the 
combined analysis than in 1970 and 1971 analysis which Indicates that after 
corn borer larvae have been reared on a meridic diet for many generations 
the curve levels off. 
Table 12. Summary of the regression equations for the estimation of leaf-
feeding damage 
Standard 
error of 
Year Equation b^ b^^^ 
1970 9 = 7.42 - 0.12X + 0.0007X^ .02 .0003 
1971 y = 7.78 - O.llX + O.OOOSX^ .02 .0002 
Combined _ 
<1970 and 1971) 9 " 7.32 - 0.099X + 0.0002X .04 .001 
A higher level of larval survival resulted from the artificial in­
festations in 1971 than In 1970 causing a significant difference in leaf 
damage between the two years (Tables 3, 7 and 11); the higher level of 
larval survival in 1971 was probably due to more favorable climatic con­
ditions. 
Figure 3. Regression line relating leaf-feeding damage (on WF9) to com borer cultures reared for 
different generations on a meridic diet, 1970 and 1971 
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Experiment 2: M87 Culture 
The data for this culture were analyzed by regression methods. The 
treatment sum of squares was partitioned into linear, quadratic and lack 
of fit congionents (Table 13). The linear and quadratic components were 
both highly significant. Leaf-feeding damage was used as the dependent 
variable and the different applications of egg masses from the M87 culture 
was used as the Independent variable (the M3 culture was omitted from the 
regression analysis). The model used to calculate the regression equation 
was: 
4 = bq + b^x + b^y 
In this equation y = the estimated leaf-feeding damage, bg = inter­
cept of the regression line when X = 0, b^ = the regression coefficient 
estimating the change in 9 with per unit change in X, b^^ = the regression 
coefficient estimating change in ^  for each unit of X^ and X = any ap­
plication of egg masses of the M87 culture. After entering the regression 
coefficient (b values) the equation is as follows: 
Y = 0.46 + o.yix^ - 0.09X2 
where Xg = 0 and X^ <6, and Xg = (X^ - 6)^ and X^ 36. 
The standard error for the linear regression coefficient (b^) is 
0.028 and for the quadratic regression coefficient (b^^) is 0.016. 
The data in Tables 14 and 13 and Figure 4 show that WF9 plants infested 
with 2 egg masses per plant (1 application) from the M87 culture had a very 
low level of larval survival as measured by leaf-feeding damage. The level 
of leaf-feeding damage Increased in a linear fashion from 1-6 applications 
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Table 13. Analysis of variance of leaf-feeding damage and regression of 
leaf-feeding damage on different applications of egg masses of 
the M87 culture (data reported in Table 14), Ankeny, Iowa, 1971 
Source of Degrees of Mean 
variation freedom square F-value^ 
Replications 9 1.03 
Treatment 10 38.49 93.88** 
Linear 1 279.59 681.93** 
Quadratic 1 8.59 20.95** 
Lack of fit 7 0.26 0.63 ns 
M3 vs. M87 1 94.86 231.37** 
Error 90 0.41 
Total 109 
^ns nonsignificant at 5 percent level; ** significant at 1 percent 
level. 
of egg masses (2 to 12 egg masses) per plant. The level of leaf-feeding 
damage increased in a quadratic fashion from 7 to 10 applications of egg 
masses (14 to 20 egg masses) per plant. Each additional application of 
egg masses increased the level of leaf-feeding damage significantly from 
1 to 6 applications. There was a small increase in leaf-feeding damage 
between 6 to 7 applications of egg masses; 8, 9 and 10 applications of 
egg masses (16, 18 and 20 egg masses per plant) gave about the same amount 
of leaf-feeding damage. The M3 culture (plants were infested with 4 egg 
masses per plant) had a high level of larval survival as measured by leaf-
feeding damage; this culture had a significantly higher level of larval 
survival than did plants infested with 20 egg masses per plant from the 
Table 14. Rating classes expressed as percentage of the total number of plants and the mean of the 
M3 culture and different applications of egg masses of the M87 culture on WF9, Arikeny, 
Iowa, 1971 
No. of Mean 
egg mass No, of Rating Classes leaf 
Cultures applications plants 1 2 3 4 5 6 7 8 9 rating 
M3 2 87 0.00 1.15 0.00 2.30 11.49 6.90 39.08 1,15 37.93 7.32 
M87 1 84 75.00 16.67 4.76 3.57 0.00 0.00 0.00 0,00 0,00 1.37 
M87 2 89 52.8]. 23.60 12.36 8.99 2.24 0.00 0.00 0,00 0.00 1.85 
M87 3 87 32.18 31.03 18.39 10.35 6.90 1.15 0.00 0,00 0.00 2.32 
M87 4 89 5.6% 24.72 32.58 16.85 13.48 5.62 1,12 0.00 0.00 3.29 
M87 5 88 5.68 15.91 15.91 23.86 14.77 17.03 6.82 0.00 0.00 4.04 
M87 6 86 2.33 8.14 9.30 19.77 23.26 23.26 13.95 0.00 0.00 4.78 
M87 7 89 0.00 2.25 10.11 17.98 23.60 25.84 17.98 1.12 1.12 5.25 
M87 8 87 0.00 1.15 3.45 10.34 17.24 24.14 36.78 4.60 2.30 5.98 
M87 9 86 0.00 1.16 3.49 9.30 25.58 18.61 34.88 4.65 2.33 5.92 
M87 10 85 0.00 0.00 3.53 7.06 14.12 25.88 45.88 3.53 0.00 6.11 
The M3 culture was used as a check and was infested with 4 egg masses per plant (in two ap­
plications of 2 egg masses each spaced 2 days apart). M87 was infested with 2 to 20 egg masses per 
plant (in 1 to 10 applications, each application was spaced 1 day apart). 
^LSD .01 = 0.75; LSD .05 = 0.57. 
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Table 15. Rating class expressed as percentage of the total ntmber of 
plants for the M3 culture and different applications of egg 
masses of the M87 culture on WF9, Ankeny, Iowa, 1971* 
Cultures 
No. of 
egg mass 
applications 
Rating Classes 
1-2 3-4 5-6 7-9 
M3 2 1.15 2.30 18.39 78.16 
M87 1 91.67 8.33 0.00 0.00 
M87 2 76.40 21.35 2.25 0.00 
M87 3 63.22 28.74 8.04 0.00 
M87 4 30.34 49.44 19.10 1.12 
M87 5 21.59 39.77 31.82 6.82 
M87 6 10.47 29.07 46.51 13.95 
M87 7 2.24 28.09 49.44 20.23 
M87 8 1.15 13.79 41.38 43.68 
M87 9 1.16 12.79 44.19 41.86 
M87 10 0.00 10.59 40.00 49.41 
Classes 1-2 had very little leaf damage, classes 3-4 had a small 
amount of leaf damage, classes 5-6 had an intermediate degree of leaf dam­
age and classes 7-9 had a high amount of leaf damage. 
Figure 4. Regression line relating leaf feeding damage (on WF9) to different applications of 
egg masses (1 through 10) of the M87 culture, 1971* [Graph is a function of grafted 
polynomial where the function is linear up to 6 applications and function is linear 
and quadratic after (3 applications] 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
V 
\Y-
8 10 
APPLICATION OF EGG MASSES 
43 
M87 culture (Tables 13 and 14), The M87 culture, therefore, can not be 
used for field infestation in resistance investigations. 
Experiment 3: Genetic Studies 
Based on leaf-feeding damage, progeny from the M3 parent had high lar­
val survival on WF9; progeny from the M76 parent had very low larval sur­
vival (Tables 16 and 17). The progeny from the M3 X M76 cross caused 
a high-intermediate leaf damage. 
Progeny from the populations backcrossed to the M3 parent [(M3 X 
M76)M3] had a high amount of leaf damage (leaf damage was as high as the 
M3 parent). Progeny from the F^ populations backcrossed to the M76 parent 
[ (M3 X M76)M76] had a low amount of leaf damage (leaf damage was higher 
than the M76 parent but much lower than the M3 parent and considerably 
lower than the F^s). 
To determine the type of gene action involved in loss in virulence of 
com borer cultures reared continuously on a meridic diet, the treatment 
sum of squares was partitioned as follows (Tables 18 and 19); 
Reciprocals - measures the difference among the outcome when a M76$ 
is used in comparison with a M3$. 
Additive - measures the additive gene effects, simply the difference 
between the M3 and M76 cultures. 
Dominance - measures any heterosis present, the difference between 
the parents and F^s. 
Reciprocals/BC - measures the difference among reciprocals within 
the backcrosses. 
Table 16, Rating classes expressed as percentage of the total number of plants and the means for 8 
cultures of the European corn borer on WF9, Ankeny, Iowa, 1970 
Mean 
No. of Rating Classes leaf 
Cultures plants 123456789 rating 
M39 X M3d" 467 0.21 1.07 2.78 5.14 9.21 13.06 24.20 0.64 43.68 7.22 
M769 X M76c? 466 44.64 33.26 16.09 4.51 0.86 0.64 0.00 0.00 0.00 1.85 
M3? X M76d' (F^l) 466 3.00 6.87 12.88 13.31 19.96 16.95 21.46 0.43 5.15 5.08 
M76$ X M3cf (F^^) 469 1.71 3.84 9,60 8.32 15.14 15.35 31.56 0.00 14.50 5.91 
(M32 X M76d')M32 459 0.44 2.61 3.05 6.10 10.89 9.80 32.90 0.65 33.55 6.91 
(M3? X M76d")M3d' 467 0.00 0.00 2.14 3.21 7.07 8.35 24.84 0.43 53.96 7.68 
(M3$ X M76cr)M76? 466 8.16 17.38 21.89 19.31 16.52 8.37 7.94 0.22 0.22 3.78 
(M3$ X M76cOM76cr 465 7.53 18.28 25„16 18.71 14.41 8.39 6.24 0.00 1.29 3.71 
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Table 17. Rating classes expressed as percentage of the total number of 
plants for 8 cultures of the European corn borer on WF9, Ankeny, 
Iowa, 1970& 
Rating Classes 
Cultures 1-•2 3-•4 5 -6 7-•9 
M3$ X MSd* 1. 29 7. 92 22 .27 68. 52 
M76$ X M76d' 77. 90 20. 60 1 .50 0. 00 
M3? X M76d' (F^l) 9. 87 26. 18 36 .91 27. 04 
M765 X MSd" (F^^) 5. 54 17. 91 SO .49 46, .06 
(M3$ X M76d')M3$ S, .05 9. 15 20 .70 67. 10 
(M32 X M76c?)M3c? 0, .00 5. 35 15 .42 79, .23 
(M3? X M76d')M76? 25, .54 41. 20 24 .89 8, .37 
(MS? X M76d')M76d' 25, .81 43, .87 22 .80 7, .53 
Classes 1-2 had very little leaf damage, classes 3-4 had a small 
amount of leaf damage, classes 5-6 had an intermediate degree of leaf 
damage and classes 7-9 had a high amount of leaf damage. 
Table 18. Comparisons defined to determine the type of gene action for 
data recorded in Table 16 
Cultures Reciprocal Additive Dominance Reciprocal/BC 
M3$ X M3(f +1 -1 
M76$ X M76d' =1 =1 
M3$ X M76d' (F^l) +1 +1 
M76? X M3(f (Fj^) -1 +1 
(M3$ X M76d')M3? +1 4-1 +1 
(M3? X M76d')M3c? +1 -1 
(M3$ X M76d')M76$ -1 -1 +1 
(MS? X M76d')M76d' -1 -1 
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Table 19. Analysis of variance oC leaf-feeding damage Cor 8 cultures of 
the European corn borer on WF9 (type of gene action for data 
recorded in Table 16), Ankeny, Iowa, 1970 
Source of Degrees of Mean 
variation freedom square F-value* 
Replications 53 1.95 
Treatment 7 223.94 290.83** 
Reciprocals 1 71.66 93,06** 
Additive 1 1396.59 1813.75** 
Dominance 1 49.66 64.49** 
Reciprocals/BC 1 6.90 8.96** 
Other 3 14.26 18.52** 
Error 371 0.77 
Total 431 
significant at 1 percent level. 
All comparisons (Table 19) were highly significant because of greater 
precision in estimating mean treatment response by using 54 replications. 
The major type of gene action was additive. It would appear, however, that 
virulence of the M3 parent shows some dominance (Tables 19 and 21). 
The (reciprocals) and backcross data (reciprocal/BC) in Tables 
19 and 21 (based on the comparisons in Tables 18 and 20) indicated a 
greater paternal than maternal influence of the MS parent on the progeny 
(Tables 16, 17, 19 and 21). The progeny from a Wild X M65 cross also 
had a greater paternal influence of the wild parent (Guthrie and Carter, 
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1972). The progeny from a Wild X M54 cross, however, showed a greater 
maternal influence of the wild parent (Huggans and Guthrie, 1970). 
Table 20, Comparisons defined to determine different effects of crosses 
for data recorded in Table 16 
Cultures (1)* (2) (3) (4) (5) (6) (7) 
M3? X MSd* +3 +1 
M76$ X M76c/' +3 
-1 
M3? X M76d' (F^l) +2 +1 
M76$ X M3d' (F^2) +2 -1 
(M3? X M76d')M3$ -1 +1 +1 +1 
(M3$ X M76d')M3d' 
-1 -1 +1 -1 
(M3? X M76COM76$ -1 +1 -1 -1 
(M3? X M76cf)M76(f -1 -1 -1 +1 
*(1) F^'s vs. backcrosses 
1 2 (2) F^ vs. FJ (reciprocals) 
(3) Reciprocals in backcrosses 
(4) Parents vs. others 
(5) M76 vs. M3 in parents 
(6) M76 vs. M3 in backcrosses 
(7) Interaction (3) and (6). 
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Table 21. Analysis of variance of leaf-feeding-damage for 8 cultures of 
European com borer on WF9, Ankeny, Iowa, 1970 
Source of 
variation 
Degrees of 
freedom 
Mean 
square F-value* 
Replications 53 1.95 
Treatments 7 223.94 290.83** 
F^'s vs. BC 1 0.04 0,05 ns 
vs. F^2 1 18.51 24.04** 
Reciprocals/BC 1 6.90 8.96** 
Parents vs. Others 1 76.97 99.96** 
Between parents 1 775.70 1007.40** 
Between M76 and M3 
in BC 1 679.96 883.06** 
Interaction 1 9.37 12.17** 
Error 371 0.77 
Total 431 
^ns nonsignificant at 5 percent level; ** significant at the 1 percent 
level. 
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DISCUSSION 
Results obtained by Huggans and Guthrie (1970) and Guthrie and 
Carter (1972) show that the European com borer reared for many generations 
on a meridic diet can not be used for screening inbred lines for resistance 
or in any type of resistance studies because the leaf-feeding ratings were 
too low for measuring resistance. Results presented in this thesis are in 
accord with the results of these authors. Nagy (1970), however, found a 
satisfactory degree of larval survival on field corn from a culture reared 
for 39 generations (M39) on a meridic diet; this author, however, did not 
check the M39 culture against a wild population. 
In the European corn borer resistance investigations at Ankeny, Iowa, 
a new colony of corn borer is started each spring. Six thousand wild 
borers are dissected from corn plants each fall (Guthrie et a^., 1972). 
These larvae are placed in a 40° F room; at weekly intervals for 5 weeks 
(starting January 25), larvae are Isolated individually in vials and 
placed in a 80° F room. These larvae pupate in February, The progeny 
from the moths are reared through 2 generations on a meridic diet contain­
ing 1500 ppm Fumidil B (one larva per vial for the 1st generation in March; 
two larvae per vial for the 2nd generation in April). This procedure al­
most completely eliminates Perezia pyraustae from the cultures. Egg masses 
from moths originating from larvae reared 2 generations on a meridic diet 
are used to infest the dishes (containing 500 ppm Fusiidil B). Moths from 
dish-reared material (3 generations on a meridic diet) are used for egg 
production in Ist-brood resistance research. 
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The data presented in this thesis show that a corn borer culture 1 
year old (reared for 14 generations on a meridic diet) could be used for 
field infestation in resistance studies (Table 7). A culture reared for 
17 generations on a meridic diet had lost some virulence. During some 
seasons, it may be necessary to use a 1 year old culture for artificial 
field infestations because of a low 2nd-brood infestation from the natural 
moth population; it would be difficult to dissect 6 thousand wild corn 
borer larvae from lightly-infested corn stalks to start a new culture. 
It is believed that low feeding damage of corn borer larvae reared 
for many generations on a meridic diet is due to low initial larval sur­
vival (Huggans and Guthrie, 1970). The first instar larvae in the field 
suffer severe mortality even under the best conditions. The weak indi­
viduals are constantly eliminated from the population and only those in­
dividuals which are able to withstand the rigors of the environment sur­
vive to perpetuate the species (Huggans and Guthrie, 1970). When the wild 
borer is removed from the rigorous selection pressure of the environment 
and colonized in the laboratory under optimtss conditions for growth and 
reproduction, weak individuals can survive and increase in the population. 
Changes might also occur in the morphology and behavior of larvae 
reared for many generations on a meridic diet. Deformed mouth parts in 
larvae is one example of a deficiency that might interfere with develop­
ment of an insect in nature, but would not seriously affect their survival 
in the laboratory (Knipling, 1960), Mayr (1963) reported that shift in a 
new niche or adaptive zone is almost without exception, initiated by a 
change in behavior. Larvae reared continuously on a meridic diet for many 
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generations may become so acclimated to the diet that they prefer to feed 
on the diet in preference to corn plants (Huggans and Guthrie, 1970). 
Larvae reared on a meridic diet for many generations under high 
relative humidity (70-80% RH) and constant temperature (80°F) conditions 
in the laboratory may lose their ability to withstand low humidity and 
high temperature conditions in the field. 
Selection of progeny from the parental stock at Ankeny is not at ran­
dom, Approximately 225 females and 225 males are used each generation to 
continue the culture. Therefore, only 450 larvae out of a possible total 
of 45,000 (assuming each female lays 200 eggs) are selected in each genera­
tion, The 450 larvae are selected from 1 day's egg production near the 
peak of egg laying. With this method of selection generation after genera­
tion, the evolution of a laboratory strain of com borer different from a 
wild population is a distinct possibility (Huggans and Guthrie, 1970), The 
genetic study showed that an additive type of gene action is involved in 
loss in virulence on inbred line WF9 from a corn borer culture reared for 
76 generations on a meridic diet. Loss in virulence, therefore, is genet­
ically controlled; the reasons for loss in virulence as discussed in this 
section are entirely speculative. 
The genetic study showed also that 1 backcross to the M3 parent 
[(M3 X M75) M3] was sufficient to increase larval survival to the same 
level as that of the M3 parent. Frequent gene reinforcement from the 
natural moth population could be used, therefore, to increase virulence on 
corn plants from a laboratory culture. However, if sufficient numbers of 
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wild larvae can be collected each fall, a new culture should be started 
for field infestations the following season. 
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SUMMARY AND CONCLUSIONS 
Larval survival on an inbred line of dent corn (WF9, susceptible to 
leaf-feeding) was determined for 16 corn borer cultures in 1970 and 1971. 
The cultures were reared for 3, 7, 11, 46 and 76 generations in 1970 and 
for 3, 7, 8, 14 (A and B), 17, 18, 20, 22, 56 and 87 generations in 1971. 
In a 2nd experiment, WF9 was infested with 2, 4, 6, 8, 10, 12, 14, 16, 18 
or 20 egg masses per plant from a culture reared for 87 generations on a 
meridic diet; a culture reared for 3 generations on a meridic diet (4 egg 
masses per plant) was used as a check. The genetic basis of loss in 
virulence on WF9 from a culture reared for 76 generations on a meridic 
diet was also determined. Previous research showed that larvae from a 
culture reared for 1 to 7 generations on a meridic diet survive on WF9 as 
well as larvae from a wild population. Therefore, a culture reared on a 
meridic diet for 3 generations (M3) was used as a check in these studies. 
The conclusions from this research are : (1) Cultures reared for 7, 
8, 11 and 14 generations on a meridic diet had a high level of larval sur­
vival, as measured by leaf-feeding damage, on WF9; larval survival from 
these 4 cultures was almost as high as that of the M3 culture. Therefore, 
a culture 1 year old (reared for 14 generations on a meridic diet) could 
be used for field infestations in resistance studies, (2) Cultures reared 
for 17, 18, 20 and 22 generations on a meridic diet had lost some virulence, 
(3) Cultures reared for 46, 56, 76 and 87 generations on a meridic diet had 
a very low level of larval survival on WF9. These cultures, therefore, can 
not be used for field infestations in resistance research, (4) Plots 
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infested with 4 egg masses per plant from the M3 culture had a significant­
ly higher level of larval survival than did plots infested with 20 egg 
masses per plant from the M87 culture (reared for 87 generations on a 
meridic diet), (5). In genetic studies, the M3 parent had high larval 
survival as measured by leaf-feeding damage, the M76 parent (reared for 
76 generations on a meridic diet) had very low larval survival. The 
progeny from the M3 X M76 cross caused a high-intermediate leaf damage. 
Progeny from the population backcrossed to the M3 parent [(M3 X M76)M3] 
had a high amount of leaf damage (leaf damage was as high as the M3 parent). 
Progeny from the F^ populations backcrossed to the M76 parent [(M3 X M76) 
M76] had a low amount of leaf damage (leaf damage was higher than the M76 
parent but much lower than the M3 parent and considerably lower than the 
F^'s). The major type of gene action was additive. It would appear, how­
ever, that virulence of the M3 culture shows some dominance. 
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APPENDIX 
Table 22. Mean leaf-feeding ratings for 5 cultures (reared on a meridic 
diet) of the European corn borer on WF9, Ankeny, Iowa, 1970 
Cultures 
Replications M3 M7 Mil M46 M76 
1 4.67 6.67 6.33 2.67 2.50 
2 6.67 7.88 6.67 3.22 2.33 
3 7.50 7.25 4.78 2.44 2.00 
4 6.33 8.43 5.11 3.25 3.00 
5 6.33 6.00 5.67 5.00 1.78 
6 7.00 7.78 7.00 4.13 1.88 
7 7.44 6.56 5.00 2.00 3.00 
8 7.63 8.22 6.50 3.44 1.89 
9 6.11 7.25 5.89 3.40 2.13 
10 6.50 7.13 5.44 3.75 1.60 
11 7.44 6.89 6.89 2.75 2.78 
12 7.44 5.25 6.75 4.13 3.22 
13 6.78 4.88 8.22 4.22 2.44 
14 4.33 6.56 6.22 3.25 3.00 
15 7.63 6.22 5.13 3.33 2.25 
16 7.33 6.43 6.89 2.56 1.89 
17 6.67 7.33 6.11 2.63 2.63 
18 8.00 7.00 7.33 3.63 2.00 
19 7.00 7.00 6.63 3.11 1.88 
20 6.56 6.75 7.33 2.38 1.44 
Mean 6.77 6*87 6.29 3.26 n oo 6 o 
Table 23. Mean leaf-feeding ratings for 11 cultures (reared on a meridic diet) of the European corn 
borer, on V7F9, Ankeny, Iowa, 1971 
Replications 
Cultures "I ~~2 3 4 5 6 7 8 9 ÏÔ ÏÏ Ï2 13 
M3 7.67 7.44 7.22 5.56 5.67 7.33 7.22 7.89 8.11 7.25 5.86 6.89 6.67 
M7 6.67 7.78 6.29 6.67 6.80 7.13 6.56 6.11 6.88 8.00 6.89 7.00 5.44 
M8 8.56 6.25 6.11 6.78 5.67 6.22 5.50 5.63 7.67 7.20 7.00 6.33 8.11 
M14A 6.00 4.50 6.33 6.50 5.25 5.56 5.44 6.13 6.22 7.22 5.89 6.22 6.44 
M14B 6.89 7.00 6.00 6.67 5.56 6.11 5.89 7.00 5.56 6.75 6.67 7.11 7.89 
M17 6.22 4.00 4.78 4.44 3.86 5.25 6.22 4.67 5.11 5.56 4.00 4.78 6.44 
M18 6.78 4.67 5.11 6.56 4.38 5.63 4.75 6.33 6.44 6.44 6.00 5.78 5.63 
M20 5.89 6.00 5.33 5.11 6.38 5.78 6.14 4.78 7.22 4.00 4.75 5.67 6.13 
M22 6.44 4.78 6.33 5.67 5.25 6.33 5.11 5.33 5.22 6.00 5.67 5.33 5.90 
M56 2.67 2.00 1.78 3.00 2.11 2.78 1.89 3.78 2.50 2.13 3.50 3.33 3.78 
M87 2.56 1.89 1.33 1.25 2.33 1.25 2.13 2.33 1.33 2.00 1.33 1.22 1.38 
Table 23. (Continued) 
Replications 
Cultures 14 15 16 17 18 19 20 21 22 23 24 25 26 
MS 8.11 7.33 6.00 7.30 8.22 6.00 6.33 7.67 6.80 6.78 7.33 7.44 7.10 
M7 6.00 7.78 6.50 7.33 8.80 6.00 7.67 5.57 7.78 6.63 5.67 7.11 6.33 
M8 6.57 7.11 5.44 7.11 7.22 6.89 4.25 5.89 7.11 7.89 4.50 7.75 6.80 
M14A 6.86 6.22 7.33 7.56 7.75 6.88 6.63 7.11 7.13 6.78 5.22 8.40 7.00 
M14B 7.78 7.13 6.88 7.75 6.38 6.44 6.56 8.00 7.33 6.63 7.44 7.89 7.56 
M17 4.44 5.56 4.78 4.33 4.56 5.11 5.11 4.00 5.89 6.11 4.78 5.88 6.22 
M18 6.44 5.63 7.33 7.22 6.11 4.89 7.13 4.38 7.56 5.00 6.13 5.33 6.25 
M20 6.11 6.67 5.67 6.22 6.56 7.56 5.78 6.78 5.67 4.33 5.33 6.78 6.11 
M22 5.44 6.13 6.33 7.89 6.50 5.89 6.63 5.33 5.67 4.33 4.89 5.67 5.67 
M56 3.44- 3.4Z> 3.00 2.71 3.38 2.44 2.44 3.33 4.11 2.00 2.44 3.38 3.67 
M87 1.56 2.33 1.33 2.00 1.11 1.11 2.63 2.13 1.50 2.11 2.56 2.67 2.13 
i. 
Table 23. (Continued) 
Replications 
Cultures ~27 28 29 30 31 32 33 34 35 36 37 38 39 
M3 7.00 
M7 7.22 
M8 6.56 
M14A 7.67 
M14B 8.78 
M17 6.88 
M18 5.89 
M20 6.33 
M22 5.78 
M56 3.00 
M87 2.56 
7.00 6.50 
5.4^f 6.11 
7.56 6.67 
7.40 7.11 
5.00 5.78 
4.86 5.00 
5.78 5.50 
4.89 6.25 
3.56 5.29 
4.00 3.13 
2.00 3.44 
8.33 8.44 
7.13 6.50 
7.50 8.56 
8.22 6.22 
5.67 6.00 
5.38 5.25 
7.67 5.44 
7.89 5.33 
5.00 4.44 
4.56 4.67 
3.13 2.33 
6.33 7.13 
6.29 6.75 
7.13 7.88 
7.13 8.00 
6.67 7.00 
4.33 5.10 
7.56 6.00 
5.86 6.22 
4.33 6.33 
3.44 3.29 
1.70 1.75 
7.89 7.78 
8.33 7.14 
6.60 6.88 
8.11 7.78 
6.67 7.63 
5.89 4.89 
5.30 7.22 
5.88 5.56 
6.78 4.56 
5.11 4.17 
2.90 3.22 
7.11 7.89 
7.22 5.88 
7.11 6.50 
7.00 6.67 
6.22 7.13 
3.78 5.11 
5.13 5.10 
5.40 4.80 
5.00 4.78 
3.10 2.11 
1.63 2.38 
8.00 8.00 
6.78 7.00 
6.78 8.00 
7.44 7.22 
7.00 6.40 
6.25 3.88 
6.13 6.00 
4.44 5.90 
5.50 5.00 
3.00 5.22 
3.33 2.00 
Table 23. (Continued) 
Replications 
Cultures 40 41 42 43 44 45 46 47 48 49 50 51 52 
M3 6.00 7.00 8.56 8.75 7.89 6.89 8.56 8.00 8.33 7.56 8.33 8.78 7.89 
M7 5.33 6.86 7.38 8.00 7.78 8.11 8.00 8.56 8.13 6.88 7.56 6.89 7.67 
M8 6.20 8.33 6.78 6.44 6.50 5.38 6.67 7.88 8.00 6.00 6.30 7.22 6.11 
M14A 6.38 6.33 7.33 7.11 7.25 7.00 7.33 8.22 8.11 7.67 7.33 6.89 6.25 
M14B 8.25 7.11 6.78 7.00 8.14 6.44 6.33 8.11 8.38 7.00 6.56 6.78 6.57 
M17 5.00 5.75 3.63 6.11 7.22 6.00 5.78 6.22 5.56 4.56 5.11 4.78 5.33 
M18 4.78 4.29 4.56 6.13 4.44 5.22 4.78 6.88 6.56 4.44 5.56 5.67 5.67 
M20 7.4t 5.67 5.90 6.22 5.89 5.22 6.67 7.44 7.44 6.33 6.44 5.22 5.33 
M22 6.22 4.89 6.11 5.33 6.33 6.11 7.89 5.67 5.67 5.50 5.22 5.00 6.44 
M56 3.90 2.67 3.50 4.33 4.11 3.78 3.44 3.89 4.00 2.89 3.11 3.11 3.00 
M87 2.33 3.63 1.88 2.11 1.89 3.78 1.22 3.00 2.00 1.44 2.88 1.50 1.56 
Table 23. (Continued) 
Replications 
Cultures ~53 54 55 56 57 58 59 60 61 62 63 64 îteâïT 
M3 8.56 
M7 8.11 
M8 7.4ft 
M14A 6.75 
H14B 7.33 
M17 6.00 
M18 5.89 
M20 6.11 
M22 6.00 
M56 4.W» 
M87 3.10 
7.67 9.00 
7.56 8.22 
6.78 8.78 
7.00 8.10 
6.78 8,00 
5.89 7.22 
6.78 7.22 
6.11 7.11 
6.33 6.00 
2.50 3.67 
2.44 2.67 
8.56 6.00 
7.56 8.56 
7.89 8.44 
8.11 8.67 
7.44 8.75 
7.22; 6.33 
8.00 6.00 
7.56 7.44 
6,56 7.78 
3.89 3.67 
3.40 2.44 
6.56 6.00 
7.00 6.33 
6.00 6.78 
6.89 6.89 
5.89 6.67 
5.38 4.89 
4.89 5.11 
5.00 6.33 
5.00 6.22 
4.56 3.75 
2.44 2.89 
6.78 6.57 
8.13 8.33 
7.63 7.50 
7.33 8.11 
6.38 5.63 
5.89 4.89 
4.75 6.63 
6.78 6.38 
5.33 5.33 
3.60 3.75 
2.56 2.11 
6.11 7.25 
6.75 6.89 
6.78 8.44 
6.00 7.67 
6.00 5.29 
5.22 6.10 
5.22 5.11 
7.00 5.38 
6.00 7.00 
3.33 1.75 
1.44 1.78 
7.44 7.34 
8.33 7.09 
6.13 6.90 
6.44 6.96 
6.22 6.85 
6.00 5.32 
5.78 5.83 
6.90 6.04 
5.78 5.72 
3.40 3.31 
2.56 2.17 
Table 24. Mean leaf-feeding ratings for the M3 culture and different applications of egg masses of 
the M87 culture on WF9, AnJceny, Iowa, 1971 
No. of Replications 
tlications Cultures I II III IV V VI VII VIII IX X Mean 
2 M3 7.33 6.11 6.75 7.44 6.57 8.33 6.44 7.89 8.56 7.78 7.32 
1 M87 1,22 1,25 1.00 1.00 1.13 1.63 1.13 2.11 1.25 2.00 1.37 
2 M87 1.00 1.67 1.22 3,00 2.67 2.00 1.78 1.22 2.50 1.44 1.85 
3 M87 2.44 1.56 1,78 2.33 3.00 2.22 3.88 2.25 2.00 1.71 2.32 
4 M87 2.78 3.11 3,33 3.10 4.56 3,67 3.11 2,38 3,33 3,50 3,29 
5 M87 4.00 3,67 3.11 3.33 5.33 3,63 3,22 5.22 5,00 3,89 4,04 
6 M87 3.89 5,11 3,56 4.88 4.89 5,50 4,67 4.38 5,89 5,00 4,78 
7 M87 5.33 4,78 5,11 4,89 5.44 6,22 5,22 5.50 4.67 5.33 5.25 
8 M87 5.63 5.67 6.89 7,00 6.33 6.89 4,89 6.11 4.75 5.63 5.98 
9 M87 6,00 5.00 6.00 6.38 6,33 6.63 4,75 6.22 5.63 6.22 5.92 
10 M87 6.44 4.57 6,75 6.22 7.00 6.00 6.75 6.40 5.88 5,11 6.11 
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Table 25. Mean leaf-feeding ratings for 8 cultures (reared on a meridic 
diet) of the European corn borer, on WF9, Ankeny, Iowa, 1970 
Cultures^ 
Replications 12345678 
1 7.00 2.00 5.11 5.22 5.89 7,44 3.89 3.44 
2 7.44 1.89 4.33 5.88 7.11 8.33 2.33 3.25 
3 8.22 2.13 3.88 6.44 6.88 8.78 3.11 3.22 
4 4.89 2.11 6.22 6.67 6.63 7.67 2.88 4.44 
5 7.78 2.11 3.50 6.50 5.67 6.44 3.33 3.25 
6 7.67 3.11 5.78 6.25 7.22 6.00 4.00 4.50 
7 8.33 2.50 4.88 6.11 6.25 7.56 3.89 2.22 
8 8.00 2.00 5.11 6.00 7.56 7.67 3.89 3.89 
9 8.50 1.33 4.89 4.78 7.56 7.38 4.78 2.89 
10 8.00 2.00 5.22 6.00 6.56 7.00 3.00 3.88 
11 6.89 3.44 3.11 6.44 7.75 7.89 5,00 3,33 
12 7.22 1.89 5.22 6.38 7.89 6.44 4,11 3.78 
13 8.00 1.56 6.13 7.78 6.56 8.78 4.25 2.75 
14 7.75 2.00 4.44 6.63 7.00 7.88 3.33 2.89 
15 7.22 2.38 3.38 6.00 8.56 8.33 5.22 4.78 
16 7.88 2.44 5.00 7.56 8.33 8.22 3.89 3,56 
17 9.00 2.25 5.67 8.00 7.78 9.00 4.67 3.78 
18 8.11 1.13 3.88 6.11 6.44 8.22 3.89 3,00 
19 6,89 1,89 4,50 4.89 5.71 7.33 4.13 2.56 
20 6.13 2.55 3.78 5.11 6.63 7.25 3.67 4.44 
21 5.63 1.22 6.11 6.22 5.63 6.25 3.56 2.25 
22 7.78 2.22 5.00 5.22 5.11 7.33 3.00 3.44 
23 7.50 1.44 3.75 4.00 7.67 7.56 3.63 3.13 
24 7.88 1.75 4.-43 4,88 6.60 8.00 3.22 3.63 
25 7.63 1.75 4.78 4.11 6.29 6.50 2.11 3.63 
26 7.38 1.11 5.78 4.44 6,44 7.44 3.33 3.33 
27 8.33 1.38 3.14 5.33 6.56 8.56 2.57 3.38 
28 6,89 1.78 4.67 4.89 7,75 5.88 3.13 4.00 
29 6.11 1.44 3.63 5.00 6,89 8.67 3.22 3.13 
1 = M3? X M3(f; 
2 =. M76$ X M76cr; 
3 = M39 X M76cr; 
4 = M76$ X MSd*; 
5 = (M30 X M76cOM3$; 
6 = (M3? X M76cOM3d'; 
7 = (M3$ X M76(f)M76$; 
8 = (M3$ X M76d')M76d'. 
70 
Table 25. (Continued) 
Cultures^ 
)llcatlons 1 2 3 4 5 6 7 8 
30 6.44 1.29 3.67 5.78 6.00 8.22 2.88 2.88 
31 5.44 1.44 6.00 5.33 3.50 7.75 2.86 2.00 
32 6.17 1.33 4.78 6.56 5.11 7.67 3.89 3.56 
33 7.13 1.89 4.33 3.88 6.63 6.56 3.56 2.56 
34 6.67 2.00 4.63 5.67 6.44 6.67 3.13 4.88 
35 6.33 1.56 5.88 8.00 5.67 5.67 3.00 2.67 
36 6.56 1.44 4.33 6.33 7.88 8.00 2.56 4.44 
37 6.88 1.44 5.10 5.56 5.00 7.44 3.13 3.00 
38 6.67 2.00 4.56 7.44 7.38 7.63 4.00 4.00 
39 7.50 1.78 6.44 6.75 8.75 8.78 3.44 3.67 
40 7.67 2.33 6.78 5.13 7.50 5.33 6.44 7.44 
41 8.13 1.50 5.67 5.89 6.00 8.13 4.23 5.78 
42 8.11 2.33 6.00 7.11 8.11 7.88 5.11 4.33 
43 8.78 1.44 6.71 5.25 7.11 7.38 4.33 3.13 
44 6.25 1.56 5.78 6.89 8.60 9.00 2.89 2.22 
45 6.43 1.33 5.22 7.33 6.63 9.00 6.38 4.78 
46 7.11 1.22 4.56 7.50 6.67 8.50 5.22 5.38 
47 7.56 1.75 6.44 6.11 8.22 9.00 5.25 4.56 
48 8.00 1.67 6.22 5.67 8.50 8.50 5.00 4.14 
49 5.50 1.56 5.50 4.00 6.78 6.80 3.00 4.50 
50 7.11 1.43 5.33 3.67 8.78 8.78 3.56 5.11 
51 5.63 2.33 5.33 5.33 5.63 7.78 2.56 3.89 
52 6.13 2.75 6.22 5.44 7.44 8.75 3.44 3.90 
53 7.80 1.86 5.13 7.00 6.88 6.67 4.11 4.38 
54 7.56 2.13 8.44 6.56 8.75 9.00 4.78 3.56 
Mean 7.22 1.86 5.08 5.91 6.91 7.68 3.77 3.71 
